The effect of the culture filtrate of Fusarium oxysporum f. sp. lycopersici on the growth of tomato callus, and the induction and selection of resistant callus to the culture filtrate were examined by using callus tissues originated from germinating seeds and axillary buds of tomato. In the plants treated with crude filtrate and Millipore filter-filtered culture filtrate (MFF) of Fusarium, the degree or timing of the wilt occurrence was closely similar in both plants. Autoclaved culture filtrate (AF) also induced the wilt in tomato plants though the occurrence was delayed. Lethal effect of the culture filtrate on tomato callus cells was dose-dependent as examined by FDA-staining and the survival rates of the cells in each callus clump treated with the culture filtrate corresponded to the degree or timing of browning in callus clump. Under a positive selection-condition where wild type cells were completely killed, AF-resistant calli were successfully induced and selected after mutagenization with N-methyl-N'-nitro-N-nitrosoguanidine.
Introduction
Since Carlson4) produced the disease-resistant tobacco plants from protoplasts or callus tissues treated with methionine sulfoximine, the induction of disease-resistant plants has been successfully developed by using the cultured cells of host plants in several diseases such as southern leaf blight of maize caused by Helminthosporium maydis race T, 8, 9) and early blight of potato caused by Alternaria solani14). Behnke1,2) showed that the culture filtrate of Phytophthora infestans was useful for the selection of resistant potato callus to the toxin involved in the filtrate.
An application of culture filtrates of pathogens may be also useful for the selection of resistant cells to cell wall degrading enzymes as well as toxins.
In this paper, we report the effect of culture filtrate of Fusarium oxysporum f. sp. ted from non-treated and AF-treated callus clumps were shown in Fig. 1-1 and Fig. 1-2 , respectively. By calculating the rates of living cells in each callus clump, the effect of the filtrates on ZK-r and ZK-ab was shown in Fig. 2 . The results showed that both AF and MFF were lethal to the cells of both ZK-r and ZK-ab, and that the lethal effect of them was dose-dependent. The lethal effect was stronger in MFF than AF. As shown in Fig. 1-3 , moreover, browning of callus clumps was observed 14 days after culture when treated with these filtrates. The relation between the survival rates of cells and the degree of callus browning was examined by using callus tissues treated with 20-and 50-fold diluted AF and MFF (Table 2 ). It showed that the completely browned callus (Fig. 1-3-C) had no living cell and that the partially browned callus clumps ( Fig. 1-3-B) had less than 50% living cells. These results suggest that the browning of callus clumps is an useful indicator for easy detection of the lethal effect of the filtrate.
Therefore, the time-course of browning of callus clumps was followed in detail after treatment with AF and MFF (Fig. 3) 20-fold diluted MFF or 5-fold diluted AF (Fig. 4) . A method for positive selection is to usually examine the growth of resistant calli on media containing toxins or drugs at concentrations which do not allow the growth of wild type cells3). Thus, the results obtained in the present study indicate that the incubation of calli (at least for 2 days) in the medium containing 20-fold diluted MFF or 2-fold diluted AF is a suitable condition to select the resistant callus cells to the culture filtrate of Fusarium. 
